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ABSTRAK 
Pada abad kedua puluh, tenaga biojisim telah mendapat perhatian besar bagi sisa biojisim 
diiktiraf sebagai pembawa tenaga yang boleh diperbaharui dan menguntungkan. Malaysia 
sedang menjalankan amalan pertanian intensif di mana sekitar 150 bilion metrik tan sisa 
pertanian yang dihasilkan setiap tahun. Sisa-sisa biojisim boleh diproses sebagai sumber tenaga 
kerana penggunaannya tidak akan mengganggu amalan pertanian tradisional atau menggugat 
keselamatan makanah, tetapi sebaliknya meningkatkan lagi kegunaannya. Walau 
bagaimanapun, kepelbagaian pilihan saiz fizikal dan bentuk, komposisi dan kepadatan tenaga di 
kalangan biojisim pertanian yang berbeza memberi cabaran dalam pengendalian, penyimpanan 
serta pengangkutan. Oleh itu, process menghasilkan briket dilaksanakan untuk memadatkan 
sisa-sisa kepada pelet pukal, briket atau kiub yang tinggi kepadatan. Walau bagaimanapun, 
sesetengah daripada sisa-sisa tidak bo1eh dipadatkan dan lain-lain alternatif, contohnya 
penambahan pengikat atau mencampurkan bahan-bahan biojisim amat diperlukan. Objektif 
utama kajian ini adalah untuk mengkaji potensi dan bagaimana biojisim yang dipilih boleh 
digunakan sebagai sumber yang boleh diperbaharui secara berkesan dalam pengeluaran bahan 
api pepejal. Selain itu, sifat-sifat mekanikal dan pembakaran briket akan disiasat dengan 
sewajarnya. Dalam kajian ini, sekam padi, tebu hampas dan sisa serbuk kopi dipilih sebagai 
bahan mentah biojisim untuk pembentukan briket. Sisa-sisa biojisim yang dikumpul dan 
seterusnya dipotong dalam saiz kecil selepas proses pengeringan. Selepas itu, kemudahan 
menghasilkan briket yang telah direka khususnya untuk menampung pembentukan briket yang 
berbentuk donut. Dalam set pertama eksperimen, kesan daripada perubahan suhu pemanasan 
(120, 150 dan 180°C), tekanan pemadatan (200, 250 dan 300 bar) dan jenis biojisim (sekam 
padi, tebu hampas dan sisa serbuk kopi) pada rintangan pecah, rintangan lelasan, rintangan air 
dan rintangan mampatan briket telah disiasat. Rintangan pecah didapati meningkat dengan 
tekanan dan suhu sekitar 92.09-100%. Rintangan yang kasar meningkat daripada 83.25-90.15% 
kepada 99.74-99.79% kecuali briket tebu hampas yang stabil pada 100%. Selain itu, 3.26-
36.56% daripada kenaikan dicatatkan dalam rintangan air dengan tekanan yang semakin 
meningkat dan suhu. Rintangan mampatan, selain itujuga meningkat kepada 236.29-1077.78 N. 
Kajian ini juga menunjukkan bahawa briket tebu hampas menghasilkan kekuatan yang lebih 
tinggi dibandingkan dengan sekam padi dan briket serbuk kopi bagaimanapun briket kopi 
menunjukkan keupayaan rintangan air yang tertinggi. Pada set kedua eksperimen, tiga jenis 
briket biojisim gabungan yang telah dibentuk: sekam padi dan tebu hampas tebu, sekam padi 
dan sisa serbuk kopi, tebu hampas dan sisa serbuk kopi dengan nisbah campuran 80:20, 60:40, 
40:60 dan 20:80. Parameter pemprosesan optimum digunakan d.alam eksperimen ini adalah 
150°C dan 300 bar. Sifat-sifat mekanik briket gabungan dianalisis berkenaan dengan nisbah 
campuran. Selain itu, nilai kalori kasar, analisis muktamad dan ujian air didih telah dijalankan 
untuk menilai prestasi briket. Hasilnya menunjukkan bahawa briket mengandungi sekam padi 
dan tebu hampas (nisbah berat 20:80), sekam padi dan sisa serbuk kopi (20:80) dan tebu hampas 
dan sis a serbuk kopi ( 40:60) mempamerkan kekuatan dan prestasi pembakaran yang dapat 
memenuhi had penerimaan serta keperluan minimum sebagai briket komersial. Kesimpulannya, 
keputusan eksperimen mengesahkan keberkesanan kaedah yang digunakan dalam kajian ini 
dalam process pengeluaran briket biojisim untuk meningkatkan kekuatan mekanikal dan 
ketahanan serta nilai kalori dan pembakaran kadar briket. Campuran biojisim boleh menjadi 
penyelesaian alternatif lain bagi industri lain daripada menggunakan hanya satu jenis sisa 
seperti sisa sawit dan sisa kayu dalam pembentukan bahan api pepejal untuk penjanaan tenaga. 
Kajian ini itu menyediakan pandangan sifat-sifat mekanik dan pembakaran untuk briket biojisim 
yang berbeza, menyumbang untuk melanjutkan faedah penggunaan biojisim pertanian untuk 
meningkatkan penukaran bahan api pepej al. 
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ABSTRACT 
In the twentieth century, biomass energy has received tremendous attention for the waste 
biomass to be recognised as a renewable and profitable energy carrier. Malaysia is conducting 
intensive agricultural practices whereby around 150 billion metric tonnes of agricultural wastes 
are generated annually. This vast amount of biomass residues could be processed as energy 
source because its use will not only interfere with traditional agricultural practices or jeopardize 
the food security, but instead further enhances them. However, wide diversity of physical size 
and shapes, compositions and energy densities among different agricultural biomass posed 
challenges in handling, storage, feeding as well as transportation. Biomass briquetting therefore 
is implemented to compact the residues into a high bulk density pellet, briquette or cube by 
densification. However, some of the residues could not be briquetted and other alternatives, for 
example, addition of a binder or mixing of biomass materials are required. The main objective 
of this research is to study the potential and how the selected biomass could be used as a 
renewable source effectively in solid fuel production. On top of that, the mechanical and 
combustion properties of the briquettes would be investigated accordingly. In this study, rice 
husk, sugarcane bagasse and spent coffee ground were chosen as the biomass feedstock for 
briquette formation. The collected biomass residues were reduced in size after the 
dehumidification process. After that, the briquetting facility was specifically designed to 
accommodate the doughnut-shaped briquette formation. In the first set of experiment, the 
effects of the variation of preheating temperature (120, 150 and 180°C), compacting pressure 
(200, 250 and 300 bars) and the biomass type (rice husk, sugarcane bagasse and spent coffee 
ground) on the shatter resistance, abrasive resistance, water resistance and compressive 
resistance of the densified product were investigated. It was found that the shatter resistance 
increased with pressure and temperature to around 92.09-100%. The abrasive resistance 
increased from 83 .25-90.15% to 99.74-99.79% except sugarcane bagasse briquette which was 
stable at 100%. Besides, 3.26-36.56% of increment was recorded in the water resistance with 
the increasing pressure and temperature. The compressive resistance, on the other hand 
increased to 236.29 -1077.78 N. The result also showed that the sugarcane bagasse briquettes 
exhibited higher strength as compared to that of rice husk and spent coffee ground briquettes, 
however, spent coffee ground briquettes showed the highest water resistance capability. In the 
second set of experiments, three types of biomass blend briquettes had been formed: rice husk 
and sugarcane bagasse, rice husk and spent coffee ground, sugarcane bagasse and spent coffee 
ground with the mixing ratio of 80:20, 60:40, 40:60 and 20:80. The optimum processing 
parameters used in this experim~nt wt:;re 150°C and 300 bars. The mechanical properties of the 
blend briquettes were analysed with respect to the blend ratio and the high heating value, 
ultimate analysis and water boiling test were conducted to evaluate the performance of the 
briquettes. The result shows that the briquette containing rice husk and sugarcane bagasse 
(weight ratio 20:80), rice husk and spent coffee ground (20:80) and sugarcane bagasse and spent 
coffee ground (40:60) exhibits the mechanical strength and combustion performance which can 
fulfill the acceptance limit as well as the minimum requirement as a commercial briquette. In 
conclusion, the experimental results verified the effectiveness of methods applied in this 
research in biomass briquetting to improve the mechanical strength and durability as well as 
the calorific value and combustion rate of the briquettes. Mixing of biomass can be the other 
alternative solution for the industry other than using only one type of residues such as palm 
wastes and wood residues in solid fuel formation for energy generation. This research thus 
provides the insights of the mechanical and combustion properties for different biomass 
briquettes, contributing to further benefits of the application of agricultural biomass to enhance 
solid fuel conversion. 
iv 






TABLE OF CONTENT 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF SYMBOLS 
LIST OF ABBREVIATIONS 
CHAPTER 1 INTRODUCTION 
1.1 Background of Study 
1.2 Problem Statement 
1.3 Objectives 
1.4 Scope of Study 
1.5 Hypothesis 
CHAPTER 2 LITERATURE REVIEW 
2.1 Potential and Types of Agricultural Biomass in Malaysia 
2.1.1 Paddy Residues 
2.1.2 Sugarcane bagasse 





















2.2 Biomass Application 13 
2.2.1 Types ofBiomass Conversion Technologies 14 
2.2.2 Energy Constraint 17 
2.2.3 Limitation of Raw Biomass 18 
2.3 Concept of Biomass Densification 19 
2.4 Densification Technologies Review 21 
2.4.1 Briquette Press 21 
2.4.2 Screw Press 22 
2.4.3 Roller Press 23 
2.4.4 Pellet Press 24 
2.4.5 Cuber 25 
2.4.6 Tabletizer 26 
2.4.7 Summary 27 
2.5 Biomass Briquetting Process 28 
2.5.1 Raw material collection and drying 30 
2.5.2 Size reduction/ grinding 31 
2.5.3 Binding agent 31 
2.5.4 Briquetting 32 
2.5.5 Cooling and packaging 33 
2.6 Binding Mechanism 33 
2.7 Measurement of strength and durability of densified biomass 36 
2.8 Factors affecting the strength and durability of densified products 39 
2.8.1 Moisture Content 39 
2.8.2 Particle Size 41 
2.8.3 Preheating Temperature 42 
2.8.4 Compacting Pressure 44 
vi 
2.8.5 Mixing ofbiomass materials 
2.8.6 Holding time 
2.9 Study on combustion characteristics of biomass fuel 
2.1 0 Summary of literature study 











Biomass Residue Selection and Collection 
Dehumidification and Size Reduction 
Production of biomass briquette without blending 
3.4.1 Biomass Briquetting Facility 
3.4.2 Briquetting Process 
Briquette formation from biomass blends 
Sample Analysis 
Mechanical properties analysis 
3. 7.1 Shatter Resistance Test 
3.7.2 Abrasive Resistance Test 
3.7.3 Compressive Resistance Test 
3. 7.4 Water Resistance Test 
Determination of briquetting parameters 
Analysis on the Combustion Characteristics of Briquette 
3.9.1 Ultimate/ Elementary Analysis 
3.9.2 High Heating Value/ calorific value 
























3.10 Correlation of briquetting parameters, mechanical and combustion properties 81 
3.11 Summary 82 
Vll 









Refinement on the briquette's structure 
Production ofbiomass briquette 
Mechanical properties analysis on the briquettes without blending 
4.4.1 Shatter resistance 
4.4.2 Abrasive resistance 
4.4.3 Water resistance 
4.4.4 Compressive resistance 
4.4.5 Summary on the mechanical properties of briquettes 
Optimum briquetting parameters 
Biomass briquette formation from biomass blend 














4. 7.1 Mechanical properties analysis 110 
4.7.2 Combustion characteristics analysis of rice husk and sugarcane 
bagasse briquettes 113 
4.8 
4.9 
Mixing of rice husk and spent coffee ground 
4.8.1 Mechanical properties analysis 
4.8.2 Combustion properties analysis 
Briquettes with mixture of sugarcane bagasse and spent coffee ground 
4.9.1 Mechanical properties analysis 
4.9.2 Combustion properties analysis 
4.10 Summary 












5.2 Future works 141 
REFERENCES 143 
APPENDIX A1 DENSIFIER MOLD 151 
APPENDIX A2 HEATING CYLINDER 152 
APPENDIX A3 DENSIFIER PISTON (1) 153 
APPENDIX A4 BACKSTOP PIN (1) 154 
APPENDIX AS DENSIFIER PISTON (2) 155 
APPENDIX A6 BACKSTOP PIN (2) 156 
APPENDIX B STANDARD OPERATING PROCEDURE OF USING 
BOMB CALORIMETER 157 
APPENDIX C1 RICE HUSK BRIQUETTES 159 
APPENDIX C2 SUGARCANE BAGASSE BRIQUETTES 161 
APPENDIX C3 SPENT COFFEE GROUND BRIQUETTES 163 
APPENDIX D1 SHATTER RESISTANCE TEST (RICE HUSK 
BRIQUETTES) 165 
APPENDIX D2 SHATTER RESISTANCE TEST (SUGARCANE 
BAGASSE BRIQUETTES) 166 
APPENDIX D3 SHATTER RESISTANCE TEST (SPENT COFFEE 
GROUND BRIQUETTES) 167 
APPENDIX E1 ABRASIVE RESISTANCE TEST (RICE HUSK 
BRIQUETTES) 168 
APPENDIX E2 ABRASIVE RESISTANCE TEST (SUGARCANE 
BAGASSE BRIQUETTES) 169 
APPENDIX E3 ABRASIVE RESISTANCE TEST (SPENT COFFEE 
GROUND BRIQUETTES) 170 
APPENDIX F1 WATER RESISTANCE TEST (RICE HUSK 
BRIQUETTES) 171 
ix 
APPENDIX F2 IMMERSION TEST (SUGARCANE BAGASSE 
BRIQUETTES) 
APPENDIX F3 WATER RESISTANCE TEST (SPENT COFFEE 
GROUND BRIQUETTES) 





LIST OF TABLES 
Table 2.1 Production of agricultural biomass in Malaysia 6 
Table 2.2 Ultimate analysis, high heating value and composition of paddy 
residues 9 
Table 2.3 Property of sugarcane bagasse 11 
Table 2.4 Coffee planted area and production in Malaysia 11 
Table 2.5 Chemical composition of spent coffee ground 13 
Table 2.6 The solid fuel types 20 
Table 2.7 Specific energy consumption for different biomass feedstock 28 
Table 2.8 Types of binding mechanism during densification 34 
Table 2.9 Mechanical strength and durability analysis - Part A 36 
Table 2.10 Mechanical strength and durability analysis - Part B 37 
Table 2.11 Relevant research on mechanical properties analysis for 
densified product - Part A 37 
Table 2.12 Relevant research on mechanical properties analysis for 
densified product - Part B 38 
Table 2.13 Biomass fuel combustion properties analyses 50 
Table 3.1 Briquetting parameters 68 
Table 3.2 Biomass blend with the corresponding mixing ratio 70 
Table 4.1 Briquette formed from three different types of biomass 
feedstocks 86 
Table 4.2 Average shatter resistance for the briquettes formed with single 
residue 87 
Table 4.3 Average abrasive resistance for the briquettes formed with 
single residue 92 
Table 4.4 Average water resistance for the briquettes formed with single 
residue 97 
Table 4.5 Average compressive resistance for the briquettes formed with 
single residue 101 
Table 4.6 Summary of mechanical properties of the briquettes produced 
at 300 bars and 150°C 106 
Table 4.7 Briquettes produced from biomass blend - Part A 107 
Table 4.8 Briquettes produced from biomass blend - Part B 108 
Table 4.9 Briquettes produced from biomass blend - Part C 109 
Table 4.10 Mechanical properties of the briquettes formed with rice husk 
and sugarcane bagasse 110 
Xl 
Table 4.11 Mechanical properties of the briquettes with blends of rice husk 
and spent coffee ground 120 
Table 4.12 Mechanical properties of the briquettes with blends of sugarcane 
bagasse and spent coffee ground 129 
Table 4.13 Summary of mechanical properties, combustion properties and 
optimum blend ratio for three combinations 13 8 
xii 
LIST OF FIGURES 
Figure 2.1 Paddy cultivation calendar in Peninsular Malaysia 7 
Figure 2.2 Rice husk (left) and paddy straw (right) 8 
Figure 2.3 The flow of coffee processing 12 
Figure 2.4 Biomass conversion flow 15 
Figure 2.5 Biochemical conversion process for biomass 16 
Figure 2.6 Thermochemical conversion process for biomass 17 
Figure 2.7 Mechanical or hydraulic piston drive 22 
Figure 2.8 Screw extruder 23 
Figure 2.9 Roller press mill 24 
Figure 2.10 Pellet mill die 25 
Figure 2.11 Cubermill 26 
Figure 2.12 Tabletizer 27 
Figure 2.13 Types of briquettes 29 
Figure 2.14 Flow of biomass briquette production 30 
Figure 2.15 Deformation mechanisms of powder particles under compaction 35 
Figure 2.16 Effect of moisture content on (a) relaxed pellet density and (b) 
Meyer hardness of the pellets 41 
Figure 2.17 Dependence of the briquette strength on the pressing 
temperature 43 
Figure 2.18 Effect of die temperature on (a) relaxed pellet density and (b) 
Meyer hardness of the pellets 44 
Figure 2.19 Durability of maize pellets at 30°C 45 
Figure 2.20 Shatter index, impact resistance, durability index and water 
resistance of the briquettes with blend of sawdust and neem 46 
Figure 2.21 Dependence of the compacting pressure on the pressing 
temperature 46 
Figure 2.22 Properties of blended briquettes (saw dust: neem) with different 
ratio 48 
Figure 2.23 Compressive strength of different coir dust and rice husk blend 
briquettes at various mixing ratio 48 
Figure 2.24 Calorific value of materials at different blend ratio 51 
Figure 2.25 Variation of specific fuel consumption and time to boil for 
various blend ratio 52 
Figure 3.1 Methodology flow chart 56 
Figure 3.2 Grinding facility for rice husk and sugarcane bagasse 58 
xiii 
Figure 3.3 Ground raw materials of (i) rice husk; (ii) sugarcane bagasse; 
(iii) spent coffee ground 58 
Figure 3.4 Packed ground feedstocks 59 
Figure 3.5 Flow of the facility refinement 60 
Figure 3.6 The first design and prototype of the components 61 
Figure 3.7 Puck briquette 61 
Figure 3.8 The latest design and prototype of components 62 
Figure 3.9 Doughnut shaped briquette 63 
Figure 3.10 Preliminary testing on heating element operation 63 
Figure 3.11 Heating cylinder with thermocouple wire installation 64 
Figure 3.12 The latest briquetting facility 64 
Figure 3.13 Flow of briquetting process 65 
Figure 3.14 Briquettes formed from rice husk and bran 66 
Figure 3.15 Illustration on briquetting process 67 
Figure 3.16 Example of briquette formed 68 
Figure 3.17 Example of briquette with defects 69 
Figure 3.18 Schematic diagram of drop test 72 
Figure 3.19 Schematic diagram of tumbling test 73 
Figure 3.20 Instron universal testing machine 75 
Figure 3.21 Diametrical compression test 75 
Figure 3.22 Briquette immersion test 76 
Figure 3.23 Elemental analyser in Central Laboratory, UMP Gam bang 78 
Figure 3.24 Biomass stove in (i) isometric view and (ii) sectional view 79 
Figure 3.25 Experiment set-up for water boiling test 80 
Figure 4.1 Puck briquette formed with spent coffee ground 84 
Figure 4.2 Doughnut-shaped briquette formed with spent coffee ground 84 
Figure 4.3 Water boiling temperature of two different briquettes 85 
Figure 4.4 Effect of compacting pressure and preheating temperature on 
shatter resistance of rice husk briquettes 88 
Figure 4.5 Effect of compacting pressure and preheating temperature on 
shatter resistance of sugarcane bagasse briquettes 88 
Figure 4.6 Effect of compacting pressure and preheating temperature on 
shatter resistance of spent coffee ground briquettes 89 
Figure 4.7 Effect of compacting pressure and preheating temperature on 
abrasive resistance of rice husk briquettes 93 
Figure 4.8 Effect of compacting pressure and preheating temperature on 
abrasive resistance of sugarcane bagasse briquettes 93 
xiv 
Figure 4.9 Effect of compacting pressure and preheating temperature on 
abrasive resistance of spent coffee ground briquettes 94 
Figure 4.10 Effect of compacting pressure and preheating temperature on 
water resistance for rice husk briquettes 97 
Figure 4.11 Effect of compacting pressure and preheating temperature on 
water resistance of sugarcane bagasse briquettes 98 
Figure 4.12 Effect of compacting pressure and preheating temperature on 
water resistance of spent coffee ground briquettes 98 
Figure 4.13 Effect of compacting pressure and preheating temperature on 
compressive resistance of rice husk briquettes 102 
Figure 4.14 Effect of compacting pressure and preheating temperature on 
compressive resistance of sugarcane bagasse briquettes 102 
Figure 4.15 Effect of compacting pressure and preheating temperature on 
compressive resistance of spent coffee ground briquettes 103 
Figure 4.16 Effects of different blend ratio of rice husk and sugarcane 
bagasse to the mechanical properties 110 
Figure 4.17 Compressive resistances for the rice husk and sugarcane 
bagasse with different mixing ratio 111 
Figure 4.18 Microscopic images of the briquettes blends of rice husk to 
sugarcane bagasse 113 
Figure 4.19 High heating value of rice husk and sugarcane bagasse at 
different blend ratio 114 
Figure 4.20 Ultimate analysis of rice husk to sugarcane bagasse with 
different mixing ratio 115 
Figure 4.21 Power output for different mixing ratio of rice husk and 
sugarcane bagasse briquettes 117 
Figure 4.22 Specific fuel consumption of briquettes formed with rice 
husk and sugarcane bagasse at different mixing ratio 117 
Figure 4.23 Burning rate of rice husk and sugarcane bagasse mixture at 
varying blend ratio 118 
Figure 4.24 Effects of different blend ratio of rice husk and spent coffee 
ground to the mechanical properties 120 
Figure 4.25 Compressive resistances for the rice husk and spent coffee 
ground with different mixing ratio 121 
Figure 4.26 Microscopic images of rice husk to spent coffee ground 
briquettes at different mixing ratio 122 
Figure 4.27 High heating value of briquettes with the combinations of rice 
husk and spent coffee ground 124 
Figure 4.28 Ultimate analysis of rice husk and spent coffee ground blend 
briquettes at different mixing ratio 125 
XV 
Figure 4.29 Effect of mixing ratio to specific fuel consumption of rice husk-
spent coffee ground briquettes 127 
Figure 4.30 Burning rate of the briquette with different mixing ratio of rice 
husk to spent coffee ground 127 
Figure 4.31 Effect of mixing ratio to power output of the briquette with rice 
husk and spent coffee ground 128 
Figure 4.32 Effects of different blend ratio of sugarcane bagasse and spent 
coffee ground to the mechanical properties 130 
Figure 4.33 Compressive resistance for the mixture of sugarcane bagasse 
and spent coffee ground 130 
Figure 4.34 Microscopic images of sugarcane bagasse to spent coffee 
ground 131 
Figure 4.35 High heating value of sugarcane bagasse and spent coffee 
ground at different blend ratio 133 
Figure 4.36 Ultimate analysis of sugarcane bagasse and spent coffee ground 
briquettes at different mixing ratio 135 
Figure 4.37 Effect of mixing ratio to specific fuel consumption of rice husk-
spent coffee ground briquettes 136 
Figure 4.38 Burning rate of sugarcane bagasse and spent coffee ground 
mixture at varying blend ratio 137 
Figure 4.39 Effect of mixing ratio to power output ofthe briquette with 














LIST OF SYMBOLS 
Weight of briquette (g) before shattering 
Weight ofthe briquette (g) after shattering 
Initial weight of sample before tumbling 
Final weight of sample after tumbling. 
Weight of sample before immersion 
Final weight of sample after immersion 
Mass of fuel burnt, kg 
High heating value, kJ/kg 
Time to boil, s 




















LIST OF ABBREVIATIONS 
American Society of Testing Materials 
Carbon 
Chinese Fir and Sewage Sludge 










Standard Operating Procedure 
Small Renewable Energy Programme 
Water Boiling Test 
xviii 
REFERENCES 
Adapa, P., Tabil, L & Schoenau, G. (2009). "Compression Characteristics of Selected 
Ground Agricultural Biomass," Agricultural Engineering International: CIGR 
Ejoumal, Manuscript 1347. XI. 
Ahiduzzaman, M., & Islam, a. K. M. S. (2013). Development of Biomass Stove for 
Heating up Die Barrel of Rice Husk Briquette Machine. Procedia Engineering, 
56, 777-781. doi:10.1016/j .proeng.2013.03.194 
Alade, 0 . S., & Betiku, E. (2014). Potential Utilization of Grass as Solid-fuel 
(Briquette) in Nigeria. Energy Sources, Part A: Recovery, Utilization, and 
Environmental Effects, 36(23), 2519- 2526. doi: 10.1080/15567036.2011.569843 
Altawell, N. (2014). The selection process of biomass materials for the production of 
bio-fuels and co-firing. John Wiley & Sons. Retrieved from 
https :/ /books.google.com.my /books 
Asim, N., Emdadi, Z., Mohammad, M., Yarmo, M. a., & Sopian, K. (2015). 
Agricultural solid wastes for green desiccant applications: an overview of 
research achievements, opportunities and perspectives. Journal of Cleaner 
Production, 91,26-35. doi:10.1016/j.jclepro.2014.12.015 
Ballesteros, L. F., Teixeira, J. A., & Mussatto, S. I. (2014). Chemical, Functional, and 
Structural Properties of Spent Coffee Grounds and Coffee Silverskin, Food 
Bioprocess Techno!, 7, 3493-3503. doi:10.1007/s11947-014-1349-z 
Basu, P. (2010). Biomass Gasification and Pyrolysis: Practical Design and Theory (first 
ed.) Elsevier, Oxford 
Bazargan, A., Rough, S. L., & McKay, G. (2014). Compaction of palm kernel shell 
biochars for application as solid fuel. Biomass and Bioenergy, 70(November), 
489-497. doi: 10.1 016/j.biombioe.2014.08.015 
Bernas Padiberas Nasional Berhad. (2016). Harvesting calendar. Retrieved from 
http:/ /www.bernas.com.my/ 
Birwatkar, V. R., Khandetod, Y. P., Mohod, A. G., Dhande, K. G., Source, 0. E., 
Dapoli, T., & Machinery, F. (2014). Physical and thermal properties of biomass 
briquetted fuel1, 2(4), 55- 62. 
Borowski G., 2009. Possibilities of utilization of energy briquettes. In: 8th EEEIC 
Conference, May 10-13,2009. Karpacz: 107-110. 
Boumanchar, I., Chhiti, Y., Ezzahrae, F., Alaoui, M., El, A., Sahibed-dine, A., Bentiss, 
F., et al. (2016). Effect of materials mixture on the higher heating value: Case of 
biomass , biochar and municipal solid waste. Waste Management. 
doi: 10.1016/j.wasman.2016.11.012 
143 
Callej6n-Ferre, A.J., Vehizquez-Marti, B., Lopez-Martinez, J.A., Manzano-Agugliaro, 
F. (2011). Greenhouse crop residues: energy potential and models for the 
prediction of their higher heating value. Renew. Sustain. Energy, Rev. 15, 948-
955. http://dx.doi.org/1 0.1 016/j .rser.2010.11.012. 
Chen, L., Xing, L., & Han, L. (2009). Renewable energy from agro-residues in China: 
Solid biofuels and biomass briquetting technology. Renewable and Sustainable 
Energy Reviews, 13(9), 2689- 2695 . doi: 10.10 16/j .rser.2009 .06.025 
Chen, W. H., Peng, J., & Bi, X. T. (2015). A state-of-the-art review of biomass 
torrefaction, densification and applications. Renewable and Sustainable Energy 
Reviews, 44, 847-866. doi:10.1016/j .rser.2014.12.039 
Chin, 0. C., & Siddiqui, K. M. (2000). Characteristics of some biomass briquettes 
prepared under modest die pressures, Biomass & Bioenergy, 18, 1-6. 
Chin.Y.S.& Aris.M.S. (2013). A study of biomass fuel briquettes from oil palm mill 
residues. Asian Journal of Scientific Research, 6(3): 537-545. 
doi: 1 0.3923/ajsr.2013.537.545 
Ciesielczuk, T. Karwaczyliska, U., & Sporek, M. (2015). The Possibility of Disposing 
of Spent Coffee Ground. Journal of Ecological Engineering, 16(4), 133-138. 
doi: 10.12911/22998993/59361 
Clarke, S., Preto, F. (2011). Biomass Densification for Energy Production. 
Ministry of Agriculture and Food. Retrieved 




Cosgrove-Davies,M. (1985). Understanding Briquetting. Arlington, VA: VITA. ISBN: 
0-86619-233-6 
Davies, R. M., & Davies, 0. A. (2013). Physical and Combustion Characteristics of 
Briquettes Made from Water Hyacinth and Phytoplankton Scum as Binder. 
Journal of Combustion, 2013. http:/ /dx.doi.org/1 0.115 5/2013/549894 
Demirbas, a. (2004). Combustion characteristics of different biomass fuels. Progress in 
Energy and Combustion Science, 30(2), 219-230. 
doi: 10.1 016/j .pecs.2003.1 0.004 
Demirbas, K., & Sahin-Demirbas, a. 2009. Compacting of Biomass for Energy 
Densification. Energy Sources, Part A: Recovery, Utilization, and 
Environmental Effects, 31(12), 1063-1068. doi:10.1080/15567030801909763 
Diaz, A. B., Moretti, M. M. D. S., Bezerra-Bussoli, C., Carreira Nunes, C. D. C., 
Blandino, A., Da Silva, R., & Gomes, E. (2015). Evaluation of microwave-
assisted pretreatment of lignocellulosic biomass immersed in alkaline glycerol 
for fermentable sugars production. Bioresource technology, 185, 316-323. 
doi: 10.1 016/j.biortech.2015.02.112 
144 
Efomah, A. N., & Gbabo, A. (2015). The Physical, Proximate and Ultimate Analysis of 
Rice Husk Briquettes Produced from a Vibratory Block Mould Briquetting 
Machine, 2(5), 814-822. 
Efomah, A. N., & Gbabo, A. (20 15). The Physical, Proximate and Ultimate Analysis of 
Rice Husk Briquettes Produced from a Vibratory Block Mould Briquetting 
Machine, 2(5), 814- 822. 
Energypedia. (2015). Biomass Briquette Production. Retrieved from 
https:/ /energypedia.info/wiki/Biomass _Briquettes_-_Production 
Faizal, H. M., Latiff, Z. A., Wahid, M. A., & Dams., A. N. (2010). Physical and 
Combustion Characteristics of Biomass Residues from Palm Oil Mills, New 
Aspects of Fluid Mechanics, Heat Transfer and Environment Conference 
Proceedings. 34-38. 
Forero-Nufiez, C. A., Jochum, J., & Sierra, F. E. (2015). Effect of particle size and 
addition of cocoa pod husk on the properties of sawdust and coal pellets, 35(1), 
17-23. 
Garcia-Maraver, a., Rodriguez, M. L., Serrano-Bernardo, F. , Diaz, L. F., & Zamorano, 
M. (2015). Factors affecting the quality of pellets made from residual biomass of 
olive trees. Fuel Processing Technology, 129, 1-7. 
doi: 10.1 016/j.fuproc.2014.08.018 
Garrett-Peltier, H. Green versus brown: Comparing the employment impacts of energy 
efficiency, renewable energy, and fossil fuels using an input-output model. 
Economic Modelling, 61(November 2016), 439--447. (2017) 
Hassan. S., Kee. L.S., Al-Kayiem. H.H. (2013). Experimental study of palm oil mill 
effluent and oil palm frond waste mixture as an alternative biomass fuel. Journal 
of Engineering Science and Technology, 8(6), 703-712 
Hosseini, S. E., & Wahid, M.A. (2014). Utilization ofpalm solid residue as a source of 
renewable and sustainable energy in Malaysia. Renewable and Sustainable 
Energy Reviews, 40, 621-632. doi:10.1016/j.rser.2014.07.214 
Islam, H., Hossain, M., & Momin, A. (2014). Development of Briquette from Coir Dust 
and Rice Husk Blend: An Alternative Energy Source, 3(July), 119-123. 
doi:10.14710/ijred.3.2.119-123 
Jiang, L., Liang, J., Yuan, X., Li, H., Li, C., Xiao, Z., Huang, H., et al. (2014). Co-
pelletization of sewage sludge and biomass: the density and hardness of pellet. 
Bioresource technology, 166(2014), 435--443. 
doi: 10.1 016/j .biortech.2014.05.077 
Jittabut, P. (2015). Physical and Thermal Properties of Briquette Fuels from Rice Straw 
and Sugarcane Leaves by Mixing Molasses. Energy Procedia, 79, 2-9, Elsevier 
B.V. doi:10.1016/j.egypro.2015.11.452 
145 
Kaliyan, N., & Morey, R.V. (2009). Factors affecting strength and durability of 
densified biomass products. Biomass and Bioenergy, 33(3), 337- 359. 
doi: 10.1 016/j.biombioe.2008.08.005 
Kazmi, S. M. S., Abbas, S., Saleem, M. A., Munir, M. J., & Khitab, A. (2016). 
Manufacturing of sustainable clay bricks : Utilization of waste sugarcane 
bagasse and rice husk ashes. Construction and Building Materials, 120, 29-41. 
doi: 10.10 16/j .conbuildmat.2016.05 .084 
Kers, J., Kulu, P. , Aruniit, A., Laurrnaa, V., Krizan, P., Soos, L., Kask, D. 2010. 
Determination of physical, mechanical and burning characteristics of polymeric 
waste material briquettes. Estonian Journal of Engineering, 16( 4), 307-316. doi: 
10.3176/eng.2010.4.06 
Ko<;ar, G., & Civa~, N. (2013). An overview of biofuels from energy crops: Current 
status and future prospects. Renewable and Sustainable Energy Reviews, 28, 
900-916. doi: 10.1 016/j.rser.2013.08.022 
Kondamudi, N., Mohapatra, S.K., & Misra, M,. (2008). Spent Coffee Grounds as a 
Versatile Source of Green Energy, Journal of Agricultural and Food Chemistry, 
56, 11757-11760. 
Krizan, P., Soos, L. & Vukelic, D. (2009). A study of impact technological parameters 
on the briquetting process. Working and Living Environmental Protection, 6 (1), 
39-47 
Liu, Z., & Han, G. (2015). Production of solid fuel biochar from waste biomass by low 
temperature pyrolysis. Fuel, 158, 159-165. doi:10.1016/j.fue1.2015.05 .032 
Low, J. H., Rahman, W. A. W. A., & Jamaluddin, J. (2015). The influence of extraction 
parameters on spent coffee grounds as a renewable tannin resource. Journal of 
Cleaner Production, 101,222-228. doi:10.1016/j.jclepro.2015.03.094 
Lund, P. D., Byrne, J., Berndes, G., & Vasalos, I. A. (2016). Advances in bioenergy: the 
sustainability challenge. John Wiley & Sorts. Retrieved from 
https :/ lbooks.google .com.my /books 
Lunguleasa, A. (2012). Durability of Wooden Briquettes. International Conference of 
Scientific Paper Afases 2012 
Luz, S. M., Gon<;alves, a. R., & Del' Arco, a. P. (2007). Mechanical behavior and 
microstructural analysis of sugarcane bagasse fibers reinforced polypropylene 
composites. Composites Part A: Applied Science and Manufacturing, 38(6), 
1455-1461 . doi: 10.10 16/j .compositesa.2007 .0 1.014 
Mande, S. P., 2007. Thermochemical conversion of biomass, Renewable energy 
engineering and technology, pp: 705-728 
Manickam, I. N., Ravindran, D., & Subramanian, P. (2006). Biomass Densification 
Methods and Mechanism. Cogeneration & Distributed Generation Journal, 
21(4), 33-45. doi:10.1080/15453660609509098 
146 
Maninder, Kathuria, R. S., & Grover, S. (2012). Using Agricultural Residues as a 
Biomass Briquetting: An Alternative Source of Energy, 1(5), 11-15 
Mekhi1ef, S., Saidur, R., Safari, a., & Mustaffa, W. E. S. B. (2011). Biomass energy in 
Malaysia: Current state and prospects. Renewable and Sustainable Energy 
Reviews, 15(7), 3360-3370. doi:10.1 016/j.rser.2011.04.016 
Mekhilef, S., Saidur, R., Safari, a., & Mustaffa, W. E. S. B. (2011). Biomass energy in 
Malaysia: Current state and prospects. Renewable and Sustainable Energy 
Reviews, 15(7), 3360-33 70. doi: 10.10 16/j .rser.20 11.04.016 
Missagia, B., Guerrero, C., Narra, S., Sun, Y., Ay, P., & Krautz, H. J. (2011). 
Physicomechanical Properties of Rice Husk Pellets for Energy Generation. 
Energy & Fuels, 25(12), 5786--5790. doi:10.1021/ef201271b 
Mitchual, S. J., Frimpong-mensah, K., & Darkwa, N. A. (2013). Effect of species, 
particle size and compacting pressure on relaxed density and compressive 
strength of fuel briquettes, 4(30). 
Mohammad Nor, N.A.A., & Wahab. M.A.M.A. (2016).Exploring the Potentials of 
Coffee Industry in Malaysia. FFTC Agricultural Policy Platform (FFTC-AP). 
Food and Fertilizer Technology Center for the Asian and Pacific Region. 
Retrieved from http:/ /ap.fftc.agnet.org/ap _ db.php?id=574 
Mohlala, L. M., Bodunrin, M. 0., Awosusi, A. a., Daramola, M. 0., Cele, N. P., & 
Olubambi, P. a. (2016). Beneficiation of corncob and sugarcane bagasse for 
energy generation and materials development in Nigeria and South Africa: A 
short overview. Alexandria Engineering Journal, 55(3), 3025-3036. 
doi: 10.10 16/j .aej .2016.05 .014 
Morrison, E. H. J., Banzaert, A., Upton, C., Pacini, N., Pokorny, J., & Harper, D. M. 
(2013). Biomass briquettes: a novel incentive for managing papyrus wetlands 
sustainably? Wetlands Ecology and Management. doi:10.1007/s11273-013-
9310-x 
Muazu, a., Yahya, a., Ishak, W. I. W., & Khairunniza-Bejo, S. (2015). Energy audit for 
sustainable wetland paddy cultivation in Malaysia. Energy, 87, 182-191. 
doi: 10.1 016/j .energy.2015.04.066 
Mulinari et al. (2010). "Bagasse/HDPE composites," BioResources, 5(2), 661-671. 661 
Murthy, P. S., & Madhava Naidu, M. (2012). Sustainable management of coffee 
industry by-products and value addition-A review. Resources, Conservation 
and Recycling, 66, 45-58. doi:10.1016/j.resconrec.2012.06.005 
Mussatto, S. I., Carneiro, L. M., Silva, J.P. A., Roberto, I. C., & Teixeira, J. A. (2011). 
A study on chemical constituents and sugars extraction from spent coffee 
grounds. Carbohydrate Polymers, 83(2), 368-374. 
doi: 10.10 16/j .carbpo1.20 10.07.063 
147 
Mwampamba, T. H., Owen, M., & Pigaht, M. 2013. Opportunities, challenges and way 
forward for the charcoal briquette industry in Sub-Saharan Africa. Energy for 
Sustainable Development, 17(2), 158- 170. doi:10.1016/j.esd.2012.10.006 
Ndindeng, S. a., Mbassi, J. E. G., Mbacham, W. F., Manful, J., Graham-Acquaah, S., 
Moreira, J., Dossou, J., et al. (2015). Quality optimization in briquettes made 
from rice milling by-products. Energy for Sustainable Development, 29, 24- 31. 
doi: 10.1 016/j.esd.2015.09.003 
Oladeji. J.T. (2015). Theoretical Aspects of Biomass Briquetting: A Review Study. 
Journal of Energy Technologies and Policy, 5(3), 72- 82. 
Onuegbu, T. U., Ekpunobi, U. E., Ogbu, I. M., Ekeoma, M. 0., Obumselu, F. 0., 
Chemistry, I., & State, A. (2011). Comparative studies of ignition time and 
water boiling test of coal and biomass briquettes blend, 7(May), 153-159. 
Onuegbu, T. U., Ekpunobi, U. E., Ogbu, I. M., Ekeoma, M. 0., Obumselu, F. 0., 
Chemistry, I., & State, A. (2011). Comparative studies of ignition time and 
water boiling test of coal and biomass briquettes blend, 7(May), 153- 159. 
Pandey, S., & Dhakal, R. P. (2013). Pine Needle Briquettes: A Renewable Source of 
Energy. International Journal of Energy Science (IJES), 3(3), 254-260. 
Panwar, V., Prasad, B., & Wasewar, K. L. (2011). Biomass Residue Briquetting and 
Characterization. Journal of Energy Engineering (ASCE), J37(June), 108-114. 
doi: 10.1 061/(ASCE)EY 
Puspadevi, S. (2015). MSM to build RM1.1bil sugar refinery. The Star Online. 
Retrieved from http://www. thestar.com.my/business/business-
news/20 15/08/27 /msm-to-build-rm11 bil-sugar-refinery/ 
Rahaman, S. A., & Salam, P. A. (2017). Characterization of cold densified rice straw 
briquettes and the potential use of sawdust as binder. Fuel Processing 
Technology, 158,9- 19. doi:10.1016/j.fuproc.2016.12.008 
Rahmana, N., Mamat, S., Md Shah, U.K., Foo, H.L., Abdul Rahman, N.A. and Ariff, 
A.B. (2013). Effect of Alkali Pre-treatment of Rice Straw on Cellulase and 
Xylanese Production by Local Trichoderma harzianum SNRS3 under Solid 
State Fermentation. BioResources, 8(2), 2881-2896. 
Rajaseenivasan, T., Srinivasan, V., Qadir, G. S. M., & Srithar, K. (2016). An 
investigation on the performance of sawdust briquette blending with neem 
powder. Alexandria Engineering Journal, 55(3), 2833-2838. 
doi: 10.1 016/j.aej.2016.07.009 
Repsa, E., Kronbergs, E., & Pudans, E. (2014). Durability of compacted energy crop 
biomass, 436-439. 
148 
Rezania, S., Md Din, M. F., Kamaruddin, S. F., Taib, S.M., Singh, L., Yong, E. L., & 
Dahalan, F. A. (2016). Evaluation of water hyacinth (Eichhomia crassipes) as a 
potential raw material source for briquette production. Energy, III, 768- 773. 
doi: 10.10 16/j .energy.20 16.06.026 
Rezende, C. A., De Lima, M. A., Maziero, P., Deazevedo, E. R., Garcia, W., & 
Polikarpov, I. (2011). Chemical and morphological characterization of 
sugarcane bagasse submitted to a delignification process for enhanced enzymatic 
digestibility. Biotechnology for biofuels, 4(1), 54. doi:10.1186/1754-6834-4-54 
Saidur, R., Abdelaziz, E. A., Demirbas, A., Hossain, M. S., & Mekhilef, S. (2011). A 
review on biomass as a fuel for boilers. Renewable and Sustainable Energy 
Reviews, I5(5), 2262-2289. doi:10.1016/j.rser.2011.02.015 
Saikia, M., & Baruah, D. (2013). Analysis of Physical Properties of Biomass Briquettes 
Prepared by Wet Briquetting Method. International Journal of Engineering 
Research and Development. 6(5), 12- 14. 
Salman Zafar (2015). Biomass Resource from Rice Industry. BioEnergy Consult. 
Retrieved from http://www. bioenergyconsult.com/tag/paddy-residues/ 
Sengar, S. H., Mohod, A. G., Khandetod, Y. P., Patil, S. S., & Chendake, A. D. (2012). 
Performance of Briquetting Machine for Briquette Fuel, 2(1), 28- 34. 
doi: 1 0.5923/j .ijee.20 120201.05 
Shafie, S. M. (2016). A review on paddy residue based power generation: Energy, 
environment and economic perspective. Renewable and Sustainable Energy 
Reviews, 59, 1089-1100. doi: 10.1 016/j.rser.2016.01.038 
Sharma, M. K., Priyank, G., & Sharma, N. (2015). Biomass Briquette Production: A 
Propagation of Non-Convention Technology and Future of Pollution Free 
Thermal Energy Sources Manoj Kumar Sharma , Gohil Priyank , Nikita Sharma 
American Journal of Engineering Research ( AJER), 2, 44-50. 
Shi, H., Mahinpey, N., Aqsha, A., Silbermann, R. (2016). Characterization, 
thermochemical conversion studies, and heating value modeling of municipal 
solid waste. Waste Manage, 48, 34--47. 
http:/ /dx.doi.org/1 0.10 16/j .wasman.20 15.09.036. 
Shuma, R., & Madyira, D. M. (2017). Production of Loose Biomass Briquettes from 
Agricultural and Forestry Residues. Procedia Manufacturing, 7, 98-105. 
doi: 10.10 16/j.promfg.20 16.12.026 
Stelte. W, Holm. J. K, Sanadi. A. R, Barsbera. S, Ahrenfeldt. J and Hemiksen. U.B. 
(2011). Fuel pellets from biomass: The importance of the pelletizing pressure 
and its dependency on the processing conditions. Fuel. 90(1I). 3285-
3290.doi.org/10.1016/j.fuel.2011.05.011 
Strezov, V., & Evans, T. J. (Eds). (2015). Biomass processing technologies. CRC Press. 
Retrived from https://books.google.com.my at 28 June 2016. 
149 
Teixeira, S. R., Pena, a F. V, & Miguel, a G. (2010). Briquetting of charcoal from 
sugar-cane bagasse fly ash (scbfa) as an alternative fuel. Waste management 
(New York, NY), 30(5), 804- 7. doi:10.1016/j.wasman.2010.01.018 
Tumuluru, J. S., Wright, C. T., Hess, J. R. and Kenney, K. L. (2011), A review of 
biomass densification systems to develop uniform feedstock commodities for 
bioenergy application. Biofuels, Bioproducts & Biorefining, 5: 683- 707. 
doi: 10.1 002/bbb.324 
Ugwu, K. (2013). Evaluation of Binders in the Production of Briquettes from Empty 
Fruit Bunches of Elais Guinensis. International Journal of Renewable and 
Sustainable Energy, 2(4), 176. doi:10.11648/j.ijrse.20130204.17 
Wang, Y., Wu, K., & Sun, Y. (2016). Effects of raw material particle size on the 
briquetting process of rice straw. Journal of the Energy Institute, 2- 11. 
doi: 10.1 016/j.joei.2016.09.002 
Wongsiriamnuay, T., & Tippayawong, N. (2015). Effect of densification parameters on 
the properties of maize residue pellets. Biosystems Engineering, 139, 111-120. 
doi: 1 0.1 0 16/j. biosystemseng.20 15.08. 009 
Yank, a., Ngadi, M., & Kok, R. (2016). Physical properties of rice husk and bran 
briquettes under low pressure densification for rural applications. Biomass and 
Bioenergy, 84,22-30. doi:10.1016/j.biombioe.2015.09.015 
Yin, C.Y. (2011). Prediction of higher heating values of biomass from proximate and 
ultimate analyses. Fuel, 90(3), 1128-1132. doi:10.1016/j.fuel.2010.11.031 
Yuhazri, M.Y, Sihombing, H, Umar,. N, Saijod., L, Phongsakom, P.T. (2012). Solid 
fuel from empty fruit bunch fiber and waste papers Part 1 : Heat released from 
combustion test. Global Engineers and Technologists Review 2012, 2(1):7-13 . 
Zeng, T., Weller, N., Pollex, A., & Lenz, V. (2016). Blended biomass pellets as fuel for 
small scale combustion appliances : Influence on gaseous and total particulate 
matter · emissions and applicability of fuel indices. Fuel, 184, 689-700. 
doi: 10.10 16/j .fuel.20 16.07.04 7 
Zhou, H., Long, Y., Meng, A., Li, Q., Zhang, Y. (2015). Classification of municipal 
solid waste components for thermal conversion in waste-to-energy research. 
Fuel, 145, 151-157. http://dx.doi.org/10.1016/j.fuel.2014.12.015. 
Zubairu, A., & Gana, S. A. (2014). Production and Characterization of Briquette 
Charcoal by Carbonization of Agro-Waste. Energy and Power 2014, 4(2), 41-
47. doi:10.5923/j.ep.20140402.03 
150 
